Abstract. Many major volcanic eruptions coincide with cooling trends of decadal or longer duration that began significantly before the eruptions. Dust veils provide positive feedback for short-term (less than 10 year) global cooling, but seem unlikely to trigger glaciations or even minor climate fluctuations in the 10-to 100-year range. On the contrary, variations in climate lead to stress changes on the earth's crustfor instance, by loading and unloading of ice and water masses and by axial and spin-rate changes that might augment volcanic (and seismic) potential.
A causal relationship has frequently been suggested between volcanic eruptions and periods of climate cooling on time scales ranging from a few years (1) (2) (3) (4) to millions of years (5) (6) (7) . For example, Lamb (2) correlated periods of low temperature during the last several hundred years with atmospheric volcanic dust loading, which was derived in part from climatic data. Thus, some of the proposed correlations (2, 3, 8) may be artifacts.
On time scales of 103 to 106 years, Bray (7, 9, 10) suggested a correlation between supposed volcanically active periods. ("'volcanic pUlses") and glacial advances. However, according to Bray's data, within the past 30 ,000 years some pulses of glaciation began 300 to 700 years before the volcanic events that supposedly triggered them, and some other glacial advances began up to 1000 years after the volcanic pulse. During the past 2 million years, major ice-sheet expansions have lagged behind so-called volcanic triggering events by up to 10,000 years (7, 11 16 NOVEMBER 1979 As a counterargument, it could be claimed that recent eruptions have only been of small to moderate size (1) or occurred at the wrong time or in the wrong location to induce large-scale cooling (7) . Much (17) , is associated with a hemispheric temperature decrease of only 0.50 to 1°C for 2 to 3 years (13, 15, 18) . In this case, average global temperatures had already been decreasing since 1810 (13, 19) and then rose again in the 1820's. The year after the Tambora event, 1816, was the "year without summer" in the northeastern United States and northwestern Europe (2, 20) . It is true that minor glacial ad--vances occurred about this time, but they began before the great eruption (16, p. 462). Generaly ignored, however, is the fact that the decade 1810 to 1820 coincided with the most pronounced low in the tman sunspot reord of the -last 250 years, indicatinga lower solar ultrviolet output; it was also a time of low magetic intensity. Thus there are other possible explanations for this climatic cooling (13, 21) .
A record of the largest Quaternary eruptions is found in ash layers preserved in deep-sea cores. Correlation of these ash horizons with glacial epochs has been proposed (6, 7, 22) but has been contested by Ninkovich and Donn (23) .
To test for a correlation between major explosive eruptions and climatic changes more systematically, we compiled a list of the largest known eruptions of the past 105 years (Table 1) . We compared this chronology (24) (27) .
We note an apparent coincidence, on all three time scales, of numerous large explosive volcanic events with climate cooling; however, many of the cooling trends were apparently initiated before the explosive volcanic eruptions. Many cooling intervals show no association with the large explosive eruptions listed in Table 1 . We wish to make it clear that uncertainties in the geological dating of 16 NOVEMBER 1979 many volcanic and climatic events make any such correlation tentative. Previous workers have suggested that explosive volcanic events precede and cause climate change. We suggest that errors in dating and poor resolution make it difficult to determine which phenomenon leads the other, and we believe that a case can equally be made for the converse relationship-that is, climatic change as a trigger for some explosive volcanic eruptions.
Large explosive eruptions, defined as global spin axis adjust to the new symmetry of mass. In this century, the mean pole movement is 6 cm (0.002 arc second) annually along the meridian 77°W (31) . The rate of ice loading is far more rapid than that of isostatic readjustment. Realignment of the geoid will then lead to worldwide stress that might trigger eruptions (32) . Crustal adjustments will be most active along the plate margins and major lineament-fault intersections. Volcanic eruptions may be expected along active subduction zones in island arcs; most of the eruptions listed in Table 1 are, in fact, from island arc volcanoes. Chappell (33) noted that the stress gradients associated with mantle flow beneath continental margins in response to glacial loading and unloading are 105 times larger than the stress gradients associated with earth tides, which are known to affect the timing of some earthquakes and volcanic eruptions (34) .
According to the mechanism proposed by Matthews (35) , hydrostatic unloading of the ocean basins during glaciation favors upward movement of basaltic magma and thus might lead to volcanism. During deglaciation the sea floor is depressed, with corresponding upwarp and shift of stress to the continents and islands.
Although isostatic effects need not create volcanism, they may well trigger subcritical magma bodies by reactivation of faults and perhaps through the mechanism of magma mixing (36) . Injection of basaltic magma into rhyolitic magma chambers would favor rapid and possibly turbulent convection. Some large-volume tephra sheets apparently record an early stage of mixing of these basaltic and rhyolitic magmas.
Since it is now rather well established that the timing of major glaciations is correlated with orbital variations (37) , it may also be postulated that the body tides set up by planetary motions may be triggers for some large explosive volcanic eruptions. Thus, both pulses of volcanism and climate change could be related ultimately to extraterrestrial mechanisms.
We realize that a possible link between intervals of climatic cooling and glaciation and.great volcanic eruptions on such different time scales as decades to tens of thousands of years must have multiple and probably overlapping causal mechanisms. Variations in the output of solar radiation (especially ultraviolet and corpuscular radiation) have been suggested as a possible cause of climate fluctuations on the order of decades (21, 38) . If these short-term variations of solar activity are related to cycles of planetary tides on the sun, as some have suggested (39) , it may be that comparable planetary tidal stresses on the earth provide the triggering mechanism for the explosive volcanic events. Changes in atmospheric circulation caused by the solar variations induce additional crustal stresses. In such cases, a coincidence of cool climate and some large explosive eruptions might not be related in a direct manner, but could be a result of common underlying causes. Calcium oxide, initially in the BI (NaCI type) structure, is expected to transform to the B2 (CsCl type) structure at high pressure, by analogy with the Bl-B2 transitions found in alkali halides (1, 2) . There is considerable interest in such transitions both in theoretical studies of oxide structures (3) (4) (5) and because of their possible occurrence in the earth's lower mantle. We have carried out shock-wave experiments on CaO to determine its equation of state (Hugoniot) (6) , as well as x-ray diffraction, under static high pressures, through a diamond cell (7); both techniques demonstrate a B1-B2 transition in CaO at 60 to 70 GPa (0.6 to 0.7 Mbar). To our knowledge this is the first documentation of the B2 structure in an oxide of direct geophysical interest.
Our new data are given in Table 1 and Fig. 1 along with previous results for CaO (8) . For comparison, theoretical Hugoniots based on finite strain theory and ab initio [modified electron gas (4)] calculations for the B 1 and B2 phases are also'given (9) . The shock data provide an accurate dynamic compression curve for CaO and the x-ray data from the diamond cell confirm the nature of the structural transition. The diamond-cell 3 experiments indicate that the transition begins at 60 (±2) GPa on the ruby-fluorescence pressure scale (7) and at room temperature (295 K), whereas the shockwave data indicate a slightly higher transition pressure: about 63 to 70 GPa, but at approximately 1350 K (10). A volume decrease of 11 ± 1 percent is found at the transition in both sets of experiments, which is in agreement with simple systematics among the data for Bl-B2 transitions in halides (11) and provides additional support for applying such systematics to oxides. The consistency of the shock-wave and diamond-cell results for the transition pressure in CaO provides an approximate but independent confirmation of the ruby-fluorescence scale calibration at about 65 (±5) GPa.
Thus the B1-B2 transition in CaO may be a convenient and readily reversible pressure-calibration point for ultrahigh-pressure static experiments. The shock-wave data corresponding to the B1 phase are in excellent agreement ( Fig. 1) with the theoretical Hugoniot calculated from recent ultrasonic data for CaO (9) and compare favorably with the theoretical Hugoniot based on the modified electron gas theory (4) . Hence, the equation of state of CaO in the BI structure appears to be very well constrained both experimentally and theoretically. Although the ab initio results underestimate somewhat the density of the B2 phase, they predict its compressional behavior quite well. Our Hugoniot data are consistent with essentially iden- Fig. 1 . New shock-wave data for CaO compared with previous, static compression data (8) and theoretical Hugoniots based on finitestrain (PSH) and ab initio [modified electron gas (MEG)] calculations (9) . Also shown are two seismological models for the lower mantle (15) 
